Essential role of methionine residues in calmodulin binding to Bordetella pertussis adenylate cyclase, as probed by selective oxidation and repair by the peptide methionine sulfoxide reductases.
Bordetella pertussis, the causative agent of whooping cough, secretes among other virulence factors an adenylate cyclase (AC) toxin that is able to enter into eukaryotic cells where it is activated upon binding to endogenous calmodulin (CaM) and synthesizes supraphysiological cAMP levels. In vivo, the AC toxin, through its specific interaction with the CD11b/CD18 integrin, primarily targets phagocytic cells such as neutrophils and macrophages. Because neutrophil priming and activation result in the production of reactive oxygen species that may cause intracellular oxidation, we have examined the biological consequences of the oxidation of CaM methionines upon its interaction with AC. We show here that the interaction of CaM with AC is dependent on the reduced state of methionines, because oxidation of all methionine residues of CaM dramatically decreases its affinity for AC. Peptide methionine sulfoxide reductases A (MsrA) and B (MsrB) were able to partially reduce the oxidized CaM, and these partially "repaired" forms could interact with AC nearly as efficiently as the native protein. We further showed that the CaM.AC complex is resistant to oxidation with tert-butylhydroperoxide, and we identified methionine residues 109, 124, and 145 as critical for binding to AC. The resistance of the AC.CaM complex to oxidation and the ability of AC to be efficiently activated by partially oxidized CaM molecules should allow the toxin to exert its cytotoxic effects on activated neutrophils and contribute to the host colonization.